Objective To assess how the effect of World Trade Center (WTC) exposure on physician-diagnosed chronic rhinosinusitis (CRS) in firefighters changed during the decade following the attack on
INTRODUCTION
The 9/11 terrorist attacks on the World Trade Center (WTC) created a man-made disaster of devastating magnitude resulting in great volumes of dust and debris being released into the environment. It has been estimated that approximately 70% of the towers' structural components were pulverised during the collapse, producing small and large inhalable particulates. 1 Adverse short-term and medium-term respiratory effects of work at the WTC disaster site have been widely documented in Fire Department of the City of New York (FDNY) first responders and others. 2 3 We first reported WTC cough syndrome, demonstrated that workrelated exposures to the disaster site increased the odds of aerodigestive symptoms up to 9 years post-11 September 2001, and showed that the prevalence of physician-diagnosed lower respiratory conditions, both self-reported and FDNY-physician diagnosed, remained elevated 7-9 years after working at the site. 4 5 However, while the association between WTC exposure and lower respiratory conditions has been well documented, fewer studies have focused on upper airway disturbance such as chronic rhinosinusitis, 6 7 a condition that can interfere with the demanding level of physical activity required to perform firefighting duties and may also inhibit the use of respirators and other breathing equipment.
CRS is a relatively common disorder that affects about 12.1% of the adult population. 8 Risk factors include allergies, exposure to airborne irritants, immune system disorders and viral infections. About one in five people with CRS report asthma, the most common comorbidity with CRS. 9 A defining symptom of CRS is nasal congestion, which can affect one's ability to breathe. This could interfere with satisfactory performance of any occupation requiring strenuous physical activity or respiratory mask use. CRS has also been associated with lost work productivity and occupational absenteeism. 10 11 In two previous studies we showed that new onset obstructive airways disease (OAD) was associated with WTC exposure for more than 5 years, 12 and for the first post-9/11 decade. 13 We used innovative statistical methods-parametric survival models with change points-to examine the relationship between WTC exposure and new onset OAD in each study. For the current study, we extend the use of this methodology to address a similar question in CRS incidence. The study goal is to estimate the duration of the response gradient between different levels of WTC exposure and the incidence of new onset CRS among WTC-exposed FDNY firefighters.
METHODS
The study population consisted of male firefighters who were active (ie, not retired) on 11 September 2001 and arrived at the disaster site within the first 2 weeks after 11 September 2001 and consented to research (N=10 449). We excluded individuals with pre-9/11 CRS (N=458) because we were only interested in new onset disease. We also required members to have had at least one visit to an FDNY physician at any time during the study period (11 September 2001-10 September 2011) to exclude individuals who had no opportunity to report a medical condition (N=143) for a final study population of 9848. The study was approved by the institutional review board at Montefiore Medical Center, Bronx, New York, USA. Demographic information including age and race was obtained from the FDNY employee database. The FDNY health programme, run by the FDNY Bureau of Health Services, has used an electronic medical record since 1996. FDNY physician diagnoses with dates and sinus CT scan results were obtained from this electronic medical record. Since October 2001, FDNY Bureau of Health Services also has collected data from selfadministered health questionnaires completed during routine monitoring examinations conducted every 12-18 months. We used questionnaire information to categorise WTC exposure and smoking status. An individual was assigned a rhinosinusitis diagnosis for this study if he had at least one post-9/11 diagnosis of either CRS or irritant chronic rhinitis in his FDNY medical record during the follow-up period. We defined the period of risk as from 11 September 2001 to the first of either a CRS diagnosis, retirement or the end of study on 10 September 2011. In accordance with the 2003 guidelines from the American Academy of Otolaryngology-Head and Neck Surgery multidisciplinary Rhinosinusitis Task Force, we required confirmation of CRS diagnosis with an abnormal result from a diagnostic test, either nasal laryngoscopy or sinus CT scan, during the study period. 14 We used piecewise exponential survival models with change points to estimate relative rates of CRS across the three exposure groups during follow-up (11 September 2001 to 10 September 2011). Piecewise exponential survival models are similar to Cox regression models, but with baseline hazards that can change at a fixed number of time intervals rather than with every new event. Cox regression models cannot be used because they assume exposure-response relationships are time-invariant and the purpose of this research is to study how exposure-response relationships change with time. Piecewise exponential survival models are equivalent to Poisson regression models with separate intercepts for each time interval. Accordingly, we used software for Poisson regression models (SAS V.9.4, PROC GENMOD; SAS Institute, Cary, North Carolina, USA, http:// www.sas.com) for the analyses. We allowed the baseline hazard to change every 3 months over the follow-up period; longer intervals would not have captured seasonal changes in incidence, while shorter intervals might have resulted in unstable estimates because of sparse data. In this fully parametric approach, HRs have true relative rate interpretations. The change points are the times that the relative rates change (increase or decrease) during the follow-up period; these change points are estimated from the data using maximum likelihood. A change point after which relative incidences did not differ significantly from one would show that the exposure-response relationship between WTC exposure and CRS was limited to the period prior to the change point. All models included the following covariates: age on 11 September 2001, retirement status, if applicable, as a time-dependent predictor, and selfreported smoking status (ever vs. never) as of the last completed questionnaire.
RESULTS
There were 1867 confirmed cases of CRS by the end of the study period, yielding cumulative incidences in the high, medium, and low exposure groups of 23.5%, 19% and 12.4%, respectively, despite similar mean ages on 11 September 2001, smoking status and race/ethnicity (table 1) . New diagnoses of CRS dramatically increased in all exposure groups starting 5 years post-9/11 and peaked between 7 and 10 years post-9/11 (figure 1). Nonetheless, likelihood ratio tests indicated that there was no evidence for any change point in relative rates between different levels of exposures (figure 2) during the first 10 years of follow-up (likelihood ratio test p=0.162).
The relative rate of developing CRS for the most highly exposed compared with the least exposed was 1.98 (95% CI 1.64 to 2.39) during the 10-year follow-up period. The increased relative rates of CRS in high versus moderate (1.31) and moderate versus low (1.52) exposure groups were also statistically significant throughout the decade post-9/11, p values all <0.0001.
DISCUSSION
This is the first study to look at latency in diagnoses of CRS resulting from WTC exposure. We found that the effect of exposure to the WTC disaster on incident CRS diagnoses persisted for 10 years after initial exposure. Those with the highest exposure were twice as likely to develop CRS as the least exposed. We reported similar results in our previous study of OAD latency where new OAD diagnoses were associated with WTC exposure for at least 7 years.
While we believe that many new CRS diagnoses were associated with WTC exposure for 10 years post-9/11, our results need to be interpreted with caution. In 2007, programmatic changes allowed prescribed medications to be provided free for WTC-related conditions. This programme change was followed by substantial increases in the number of FDNY physician examinations and diagnoses of CRS in all three exposure groups. So while there was a change in the overall number of diagnoses at around 2007, the zero change point model shows that there was no change in the relative incidence of diagnoses in the moderate and high exposure groups when compared with the lowest exposure group. When interpreting the time interval between WTC exposure and reported disease onset as indicated by diagnosis date, we are unable to distinguish between the natural history of the disease and the effects of increased surveillance due to the FDNY programmatic change, but we note that the exposure gradient remained through the end of follow-up.
The main limitation of this study is our inability to access the medical records of non-FDNY physicians. The change point analysis is based on the time of first FDNY-reported CRS diagnoses and we are unable to speculate on how the change point would have differed if FDNY members first were diagnosed by non-FDNY physicians. We also believe there is a possibility that CRS was generally overlooked by both patients and physicians in the first few years after 9/11 due to more severe morbidity associated with OAD in the patient population. 2 15 Again, the time of the incident CRS diagnosis could be a reflection of the urgency to diagnose and treat other diseases soon after 9/11. Despite these limitations, this study has several strengths. We relied on medical records and not self-reported disease, the latter being more subject to bias and therefore less accurate. While many large epidemiological studies use self-reports to estimate the disease burden in populations, we had access to all participants' FDNY medical records, which we mined for CRS diagnoses. We also used uniform and stringent diagnostic criteria, including a confirmatory abnormal sinus CT result or nasal laryngoscopy at any time during the follow-up period. There were low rates of loss to follow-up in this population, and finally, we used an exposure measure that has been validated in other studies. 2 4 5 Detection and treatment of rhinosinusitis is important given its impact on quality of life 16 and its potential to lead to worsening asthma, 17 of particular clinical significance given the high incidence of asthma in this and other cohorts of WTC-exposed responders post-9/11. 4 5 Unique to this population of first responders with physically demanding jobs, rhinosinusitis makes it difficult for firefighters to wear respirators, a requirement for the safe performance of their duties.
In conclusion, this research supports the association of new onset CRS long after exposure to the WTC disaster site. It also confirms the need for continued monitoring and treatment of this highly exposed cohort.
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